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PRGHOFRPSULVHVWKHFRQFHSWXDOPRGHORIWKHJHRORJLFDOHQYLURQPHQW7KHJHRORJLFDOHQYLURQPHQWLVJHQHUDOO\YHU\
KHWHURJHQHRXV LQ WHUPV RI OLWKRORJ\ DVZHOO DV WKH SK\VLFDO DQGPHFKDQLFDO SURSHUWLHV RI VRLOV DQG URFNVZKLOH
G\QDPLFDOO\FKDQJLQJDQGGHYHORSLQJ>@
0RGHOFDVHORFDOLW\
7KH HQYLURQPHQW LQ ZKLFK PRGHOOLQJ RI SURFHVVHV WDNLQJ SODFH LV EHFDXVH IRU WKH PRVW SDUW XQNQRZQ DQG
VRPHWLPHV YHU\ FRPSOH[*HRORJLFDO HQYLURQPHQW VXUYH\ LV FRQGXFWHGE\GLUHFW DQG LQGLUHFWPHWKRGV7KHPRVW
FRPPRQ PHWKRGV XVHG LQFOXGH LQ VLWX HQJLQHHULQJJHRORJLFDO SURELQJ 3UREHV DQG ZHOOV DUH SODFHG RQ VXLWDEO\
VHOHFWHGORFDWLRQVWRSURYLGHLQIRUPDWLRQWKDWZLOOKHOSFUHDWHDPDLQLGHDRIWKHFRXUVHDQGWKHSRZHUVRILQGLYLGXDO
JHRORJLFDO OD\HUV 7KH UHVHDUFK DUHD LV XVXDOO\ LPSOHPHQWHG VHYHUDO SUREHV 7KHLU QXPEHU GHSHQGV RQ WKH
FRPSOH[LW\ RI WKH HQYLURQPHQW DQG WKH DQLVRWURS\RI LWV SURSHUWLHV ,W LV DOVR QHFHVVDU\ WR WDNH LQWR DFFRXQW WKH
HFRQRPLFFRPSOH[LW\RIWKHVXUYH\7KLVPHWKRGRIGDWDFROOHFWLRQLVQRWWRRFRPSOH[:LWKLWVGLVFUHHWQDWXUHZH
UHOLDEO\ GHWHUPLQH RQO\ WKH QDWXUH RI WKH JHRORJLFDO HQYLURQPHQW DQG LWV SURSHUWLHV LPPHGLDWHO\ VXUURXQGLQJ WKH
ERUHKROH
&XUUHQWO\LQDGGLWLRQWRWKHVWDQGDUGXVHGE\JHRWHFKQLFDOPHWKRGVVXFKDVGULOOLQJSHQHWUDWLRQWHVWVRUODERUDWRU\
PHDVXUHPHQWVDOVRDSSO\ LQGLUHFWPHWKRGVRIVXUIDFHDQGERUHKROHJHRSK\VLFDOPHDVXUHPHQWV7KHVH LQFOXGHHJ
HOHFWURPDJQHWLF PHWKRGV UHIOHFWLRQ DQG UHIUDFWLRQ VHLVPLF JHRUDGDU RU JUDYLPHWU\ ZKLFK DUH YHU\ VXLWDEOH IRU
VXUIDFH H[SORUDWLRQ DW ORZ FRVW 7KH\ FDQ EH XVHG IRU WKH GHWHFWLRQ RI DZLGH UDQJH RI FKDUDFWHULVWLFV LQFOXGLQJ
QDWXUDO K\GURJHRORJLFDO FRQGLWLRQV 7KHVH PHWKRGV XVXDOO\ SURYLGH D FRQWLQXRXV SLFWXUH RI WKH JHRORJLFDO
HQYLURQPHQW $V D PRGHO VLWH IRU WKH VROXWLRQ RI WKH SUREOHP ZH KDYH FKRVHQ ODQGVOLGH DUHD QHDU WKH YLOODJH
2NROLþQp>@QRZSDUWRI/LSWRYVNê0LNXOiã7KHGHFLVLRQOHGXVWRWKHIROORZLQJUHDVRQV
 ODQGVOLGHZDVH[DPLQHGLQGHWDLOLQVHYHUDOVWDJHV
 WKHUHLVDUHODWLYHO\ODUJHDPRXQWRIGDWDRQWKHJHRORJLFDOHQYLURQPHQWODQGVOLGH
 ODQGVOLGHZDVLQFOXGHGLQWKHPRQLWRULQJV\VWHPRIJHRORJLFDOIDFWRUVRIWKHHQYLURQPHQW>@
 WKHVFLHQWLILFFRPPXQLW\LVDQRQJRLQJGHEDWHDQGFRQWURYHUV\DERXWWKHK\GURJHRORJLFDOUHJLPHODQGVOLGH
DQGLWVIXUWKHUGHYHORSPHQW
)URP WKHJHRORJLFDO DVSHFWRI WKHSUHVHQWDUHDEXLOW FHQWUDO&DUSDWKLDQ3DOHRJHQHDQG4XDWHUQDU\FRYHUGLIIHUHQW
WKLFNQHVVHV 3UHTXDUWHUQDU\ VXEVRLO UHDFKHV D WKLFNQHVV RI DERXW  P DQG KDV FKDUDFWHU UK\WKPLF IO\VFK
/DQGVOLGHPDWHULDOLWVHOILVYHU\KHWHURJHQHRXV,QLWVYLFLQLW\DUH(OXYLDODQGGHOXYLDOVHGLPHQWVDWWKHIRRWRIWKH
VORSHDQGDOOXYLDOVHGLPHQWV(OXYLiOQHGHOXYLDODQGVXSHUILFLDOGHSRVLWVDUHGHYHORSHG LQ WKHIRUPRIVDQG\ ORDP
DQGVDQG\ORDPZLWKLQFUHDVLQJFRQWHQWRIFOD\VWRQHVDQGVDQGVWRQHIUDJPHQWVWRZDUGVGHSWK7KHHYLGHQFHEDVH
IRU GUDZLQJ XS D FRQFHSWXDO PRGHO HQYLURQPHQW GURRS ZDV D UHSRUW RI FRPSUHKHQVLYH HQJLQHHULQJJHRORJLFDO
VXUYH\7KHVXUYH\ZDVFRQGXFWHGYDULRXVH[SORUDWLRQZRUNDQGPHWKRGV7KHVLWHKDVEHHQFRPSOHWHGYHUWLFDO
ZHOOVZLWK\DUGDJHP$KRUL]RQWDOGULOOLQJ\DUGDJHP,QDGGLWLRQWRGULOOLQJZRUNVZHUHFDUULHGRXWDW
WKLVVWDJHDQGPLQLQJH[SORUDWLRQZRUN,WZDVH[FDYDWHGVKDIWVZLWKDWRWDO\DUGDJHPDQGWUHQFKHVZLWK
D WRWDOYROXPHRIP'DWD IURP WKHVHZRUNVSURILOHVRIERUHKROHV ODERUDWRU\ZRUNDQGRWKHUPHDVXUHPHQWV
KHOSHGXV IRUPDJHQHUDO LGHDRI HQJLQHHULQJJHRORJLFDO DQGK\GURJHRORJLFDO FRQGLWLRQVRI WKH DUHD)LJ VKRZV
FRQGXFWHGH[SORUDWRU\GULOOLQJ



)LJ'YLHZRIH[SORUDWRU\ZHOOV
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0RGHOSUHSDUDWLRQSURFHGXUH
:KHQGHDOLQJZLWK WKH JHRORJLFDO HQYLURQPHQWZHXVXDOO\ RQO\ DYDLODEOH GLVFUHWH GDWD RI HQJLQHHULQJJHRORJLFDO
ZHOOV *HRORJLFDO FRPSRVLWLRQ LQ XQNQRZQ SRLQWV LV WKHQ QHFHVVDU\ WR GHWHUPLQH WKH DSSURSULDWH LQWHUSRODWLRQ
PHWKRGV

7KHPRVWXVHGWKHPHWKRGVWRFUHDWHJHRORJLFDOPRGHOVLQFOXGH

 &ORVHVWSRLQW
,WLVRQHRIWKHVLPSOHUPHWKRGVZKLFKGHWHUPLQHWKHYDOXHRIDMXULVGLFWLRQSHQGLQJWKHFORVHVWNQRZQSRLQWGDWD
WKDWZH KDYH DYDLODEOH ,Q JHQHUDO WKLVPHWKRG RI LQWHUSRODWLRQ LV VXLWDEOH IRU FDVHV LQZKLFK WKHUH LV WRRPXFK
YDULDWLRQLQWKHVHDUFKSDUDPHWHUVZLWKLQWKHVROXWLRQDUHD,QDFRPSOH[HQYLURQPHQWODQGVOLGHDUHDLWLVFUHDWHG
PRGHOLVFKDUDFWHUL]HGE\ODUJHGLIIHUHQFHVDWWKHERUGHUVHIIHFWRINQRZQSRLQWV

 ,QYHUVH'LVWDQFH:HLJKWHG
,W LVRQHRI WKHPRVWFRPPRQO\XVHG LQWHUSRODWLRQPHWKRGVZKLFK LQ WKHXQIDPLOLDUSRLQWGHWHUPLQHGIURPRWKHU
NQRZQSRLQWVWKHHIIHFWRQWKHUHVXOWGHSHQGVRQWKHGLVWDQFHIURPWKHXQNQRZQSRLQW7KXVZKDWLVNQRZQSRLQW
FORVHUWRGHWHUPLQLQJWKHJUHDWHULVLWVZHLJKW

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7KHYDOXHRIWKHXQNQRZQSRLQWLQWKH[\[LVGHWHUPLQHGE\WKHSUHFHGLQJUHODWLRQWKH8.DQGWKHYDOXHVȦNRI
WKHNQRZQSRLQWVDQGWKHLUDVVLJQHGZHLJKWV7KHUHVXOWVREWDLQHGZLWKWKHXVH,':DUHJHQHUDOO\VDWLVIDFWRU\DQG
FDQEH LPSURYHG UHVWULFWLYH FRQGLWLRQV IRU HQWU\ WRNQRZQSRLQWV8QGHUXQIDYRXUDEOHDUUDQJHPHQWNQRZQSRLQWV
FDQ UHVXOW GHJHQHUDWH DV ,':GRHV QRW UHVSHFW WKH UHODWLYH SRVLWLRQ DQG UHPRWHQHVV RI NQRZQ SRLQWV ,Q FHUWDLQ
YDULDQWVRIWKLVPHWKRGIRUH[DPSOHLWOLPLWVWKHPD[LPXPQXPEHURINQRZQSRLQWVHQWHULQJWKHFDOFXODWLRQ,WLV
DOVRSRVVLEOHWRXVHDQDSSURSULDWHO\VHOHFWHGWZRGLPHQVLRQDOJULGZKRVHFHOOVDUHUHJXODUO\VSDFHGDQGHOLPLQDWHV
WKHHIIHFWRIFOXVWHUVNQRZQSRLQWV

 .ULJLQJ
,QWHUSRODWLRQPHWKRGZKLFKLVRQHRIWKHPRVWXVHGVWDWLVWLFDOPHWKRGVWRFUHDWHJHRORJLFDOPRGHOV,QSULQFLSOHLW
LV RQFH DJDLQ WKH GHWHUPLQDWLRQRI WKH XQNQRZQYDOXHV E\ZHLJKWHGYDOXHV RI WKH NQRZQSRLQWV [ [  [Q
ZKHUHȜLDUHVXLWDEO\FKRVHQZHLJKWLQJFRHIILFLHQWV>@

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6XLWDELOLW\LQWHUSRODWHGYDOXHLVTXDQWLILHGE\GLVSHUVLRQİ[7RGHWHUPLQHWKHPRVWDSSURSULDWHLQWHUSRODWHGYDOXHV
FDQEHWULHGWRPLQLPL]HWKHYDOXHRIWKHYDULDQFHİ[.ULJLQJGHWHUPLQHVWKHYDOXHQRWRQO\E\GLVWDQFHIURPWKH
NQRZQSRLQWVRILGHQWLILFDWLRQEXWDOVRE\WKHUHODWLYHSRVLWLRQVRINQRZQSRLQWV
6HOHFWLQJ D VXLWDEOH LQWHUSRODWLRQPHWKRG LV FHUWDLQO\ RQH RI WKH NH\ IDFWRUV LQ FUHDWLQJ WKHPRGHO +RZHYHU LQ
FHUWDLQFDVHVLWLVPRUHDSSURSULDWHIRUWKHILQDOPRGHOZKHUHWKHJHRPHWULFVKDSHRIWKHPRGHOLQZKLFKWKHSURFHVV
WDNHVSODFHWUDQVIRUPLQJDSSURSULDWHPDQQHU$IWHUFRPSOHWLRQRIWKHLQWHUSRODWLQJSURFHVVWKHFRUUHFWHGPRGHOWR
LWVRULJLQDOVWDWHXVLQJWKHLQYHUVHWUDQVIRUPDWLRQ6XFKDSURFHVVFDQEHUHSUHVHQWHGDVDQH[DPSOHVORSHWKDWEHIRUH
LQWHUSRODWLRQOHYHODQGWKHQUHSDLUWRWKHRULJLQDOVKDSHRUSRVLWLRQ7KLVPHWKRGRIFUHDWLQJJHRPHWU\FRQFHSWXDO
PRGHO RI WKH JHRORJLFDO HQYLURQPHQW LV SDUWLFXODUO\ VXLWDEOH IRU VKDOORZ ODQGVOLGHV RQ WKH VORSHV ZKHUH WKH
JHRORJLFDOVWUDWDDERXWPDLQWDLQLQJVORSHULVLQJWUHQG7KHDFWXDOLQWHUSRODWLRQSURFHVVLQWHUSRODWHVWKHYDOXHRIVR
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FDOOHG SRZHU SRWHQWLDO 6WUHQJWK SRWHQWLDO LV D ILFWLRQDO TXDQWLW\ZKLFK H[SUHVVHV KRZ FODVV SRLQWV FODVVHV DUH
IRUPHGE\UHIHUHQFHWRWKHOD\HUKDVWKHJUHDWHVWDIIHFWXQNQRZQSRLQWDQGWKHUHVXOWVDUHFODVVLILHGDQGXQNQRZQ
SRLQW
,QWHUSRODWLRQ LWVHOI VROYH WKH SUREOHP RIZKDW VWDWH DQGZKDW IRUP VKRXOG EHPRGHOOLQJ ,Q RXU FDVH WR FUHDWH D
QXPHULFDOPRGHOXVHVILQLWHHOHPHQWPHWKRG)(07KLVLVDGLUHFWPHWKRGRIDGGUHVVLQJYDULDWLRQSUREOHPVZKLFK
LVXVHGWRDGGUHVVYDULRXVJHRHQJLQHHULQJSUREOHPV

:HKDYHWDNHQLWWRGHWHUPLQH
 WKHVWUDLQDQGVWUDLQJHRORJLFDOHQYLURQPHQW
 WKHJURXQGZDWHUIORZ
)RU )(0 DQDO\VLV QHHGV WR DGGUHVV DUHD LW LV SURSHUO\ GLYLGHG LQWR VPDOOHU WR VRPH H[WHQW KRPRJHQRXV XQLWV 
HOHPHQWV7KHPRUHDFFXUDWHO\WKHGLYLVLRQ WKHPRUHZHFDQH[SHFWEHWWHUUHVXOWVIURPWKHQXPHULFDOPRGHO7KH
VKDSH RI WKH ' HOHPHQWV LQ WKH IRUP RI WDVNV RU SHWKDHGURQH VH[WKDHGURQH HDFK HOHPHQW VKRXOG EH D TXDVL
KRPRJHQHRXV ZLWK UHJDUG WR WKH PDWHULDO RI WKH JHRORJLFDO HQYLURQPHQW ,W LV WKHUHIRUH QHFHVVDU\ WR ILQG WKH
LQWHUIDFHEHWZHHQWKHOD\HUVUHVSHFWLYHO\LQWHUSRODWHGYDOXHV



 
)LJ'HWDLORIWKHDUHDDQGVHHWKHPRGHO


,Q WKHSURFHVVRIFUHDWLQJ LQGLYLGXDOHOHPHQWVDJDLQ LW VKRZVWKHDGYDQWDJHVJHRPHWULF WUDQVIRUPDWLRQEHIRUH WKH
LQWHUSRODWLRQSURFHVVVLQFHWKHOD\HUVWHQGWRSURGXFHVRPHSURJUHVVLQDGGUHVVLQJKRUL]RQWDODUHDV7KHHOHPHQWV
DUHIRUPHGVHTXHQWLDOO\EHIRUHWKHLQYHUVHWUDQVIRUPDWLRQWRWKHRULJLQDOVKDSH

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

)LJ&ROXPQVZLWKLQWHUSRODWHGSRLQWVWKHEDVLVIRUDFRKHUHQWPRGHO
7KHYHUWLFDOSURMHFWLRQ)LJLVVHHQFXWWLQJWKHHOHPHQWVWRWKHSURMHFWLRQRIWKHUHJXODUEDVHLQWKHVKDSHRIDQ
LVRVFHOHVWULDQJOH,QWKHFRUQHUVRIWKHVHWULDQJOHVDUHLQWHUSRODWHGE\PHDQVRIZKLFKWKHQGHWHUPLQHWKHLQWHUIDFH
EHWZHHQ WKH LQGLYLGXDO HOHPHQWV DQGJHRORJLFDO OD\HUV:KLOH WKH SODQH WKDW OLPLWV WKH HOHPHQW DERYH DQGEHORZ
PXVW SDVV WKURXJKSRLQWVZLWK WKH VDPHYDOXHRIJHRORJLFDO VWUDWD DQG LWV GHSDUWXUH IURP WKH KRUL]RQWDOPD\QRW
H[FHHG D VHOHFWHG FULWHULRQ 6LQFH HDFK FROXPQ RI SRLQWV ZKHUH ZH LQWHUSRODWHG WKH YDOXHV FRPPRQ WR WKH
DVVHPEO\RIDGMDFHQWFRPSDWLELOLW\LVPDLQWDLQHGDGMDFHQWHOHPHQWVDVUHTXLUHGWRFRUUHFWWKHJHRORJLFDOPRGHODQG
WKHQXPHULFDOPRGHOOLQJSURFHVVLWVHOI

)LJ7KHILQDOJHRORJLFDOPRGHO
7KLVDXWRPDWLFSURFHVVPRGHOJHQHUDWLRQVRPHWLPHVWDNHQRIWKHFRPSOH[LW\RIWKHHQYLURQPHQWRUWKHLQWHUSRODWLRQ
HUURU DQG JHQHUDWHV GHIHFWV ZKLFK FDQ FDXVH SDUWLFXODUO\ LQ WKH FDVH RI QXPHULFDO PRGHOOLQJ IRU FDOFXODWLQJ
LQVWDELOLW\)LJXUH7KRVHHUURUVQHHGWREHDGMXVWHGHLWKHUPDQXDOO\RUUHJHQHUDWHG,WLVWKHUHIRUHQHFHVVDU\WKDW
WKHPRGHOJHQHUDWHDQH[SHULHQFHGXVHUZKRLVDEOHWRYDOLGDWHWKHRXWFRPHSRVVLEO\IL[DQDSSURSULDWHLQWHUYHQWLRQ
LQWKHJHQHUDWLRQSURFHVV
)URPWKHJHQHUDWHGPRGHOLWLVSRVVLEOHWRFUHDWHFXWVVHOHFWWKHOD\HUVDQGWRPRQLWRUWKHLUSURJUHVVLQWKHDUHDRI
LQWHUHVW 7KH LQGLYLGXDO HOHPHQWV FRQVWLWXWLQJ WKH ILOP FDQ DGGPRUH  VHFRQGDU\ FKDUDFWHULVWLFVZKLFKZRXOG WR
VRPHH[WHQWEHGHSHQGHQWRQWKHSURSHUWLHVRIWKHURFNPDWHULDOIRUPLQJWKHOD\HU7KLVIRULQVWDQFHWKHILOWUDWLRQ
FRHIILFLHQWLQSUREOHPVRIJURXQGZDWHUIORZRUVKHDUGHIRUPDWLRQDQGGHIRUPDWLRQSURSHUWLHVRIWKHWDVNV
7KH VSDWLDOGLVWULEXWLRQRI WKHVH VHFRQGDU\ IHDWXUHV LQ WKHPDMRULW\GRHVQRW FRUUHVSRQGH[DFWO\ WR WKHJHRORJLFDO
FRPSRVLWLRQ VR LW LV VRPHWLPHV QHFHVVDU\ WR GHILQHPRUH DGGLWLRQDO UHODWLRQVKLS GHILQLQJ WKH VSDWLDO GLVWULEXWLRQ
GHSHQGLQJ RQ RWKHU YDULDEOHV VXFK DV JHRORJLFDO FRPSRVLWLRQ 6XFK DGGLWLRQDO GHSHQGHQF\ LV GHILQHG EDVHG RQ
HPSLULFDOREVHUYDWLRQVLQGHDOLQJZLWKWKHHQYLURQPHQWRULVGHWHUPLQHGE\XVHUH[SHULHQFH
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)LJ'HIHFWVFDXVHGE\LQVXIILFLHQWWROHUDQFHVHWWLQJIRUVORSHOD\HUV )LJ3URJUHVVFXWWHUULWRU\JHQHUDWHGJHRORJLFDOPRGHO




)LJ'LVSOD\WKHVHOHFWHGOD\HUVRIWKHPRGHO

&RQFOXVLRQV
0RGHOOLQJ RI K\GURORJLFDO K\GURJHRORJLFDO HQJLQHHULQJJHRORJLFDO SKHQRPHQD LQ*,6 LV PDLQO\ XVHG LQ VSHFLDO
PRGXOHVIRU WKHFXUUHQWFRPPHUFLDOVRIWZDUHVXFKDV$UF+\GURPRGXOH$VWKHURFNHQYLURQPHQW ODQGVOLGHILOWHU
H[KLELWVDGLVWLQFWKHWHURJHQHLW\DQGRYHUDOO+*GLIILFXOWFRQGLWLRQVLWLVSRVVLEOHWRXVHWKLVPRGXOH7KHUHIRUHZH
SURFHHGHG WR FUHDWH \RXU RZQ WRROV ,QWHUSRODWRUPRGXOHZDV LPSOHPHQWHG XVLQJ WKH9LVXDO&  DQG(65,
$UF2EMHFWV OLEUDU\ 7KH JHQHUDWHGPRGHO LV VDYHG DV ' VKDSHILOH0XOWLSDWFK HDFK HOHPHQW LV GHWHUPLQHG E\ LWV
JHRPHWU\ZLWKWKHFRQQHFWLRQGDWDRIJHRORJLFDOVWUDWDRUVHFRQGDU\LQIRUPDWLRQLVXVHGIRUQXPHULFDOPRGHOLQJ
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